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Abstract
In this work we present a full integrated self-sustained multi-cantilever system using AMS 0.35Pm CMOS 
technology. The resonances of the multi-cantilever system are detected through a transimpedance amplifier circuit 
with enough gain to use this system as an oscillator. The mass responsivity of the system is good enough to use it as 
a high sensitivity mass sensor and the ultimate mass resolution due to the thermal noise is low enough to enable the 
system to work at room temperature. The multi-cantilever system shows enhanced detectability due to a 
collaborative behavior between the mechanical coupled cantilevers. This fact along the self-sustained oscillator 
opens a way to design synchronized systems and differential mass sensing.
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1. Introduction
MEMS systems are good candidates to be part of mass sensing devices due to their low effective mass and high 
resonance frequency. Arrays of nano- and micro electromechanical cantilevers have been proposed over a decade 
ago for, among other things, multiple detection of mass sensing [1]. The complexity of the multi-cantilever systems 
implies a great effort of the researchers about detection [2, 3, 4] or about new possibilities [5]. Also multi-cantilever 
systems present a collaborative effect through coupling via multiple ways (internal resonances, mechanical 
coupling) which can be responsible for an enhanced read-out signal or transduction [6, 7].
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Here, we have designed, fabricated and characterized a multi cantilever system which is a good candidate to 
perform differential mass detection.
2. Design and characterization
2.1. System design
The multi-resonator system has five cantilevers electrostatically actuated out of plane. Each cantilever has 26 Pm
length, 1.45 Pm width and 0.925 Pm thickness with 5 Pm distance between them and with 6 Pm of overhang in the 
anchor defined to ensure the cantilevers cross-talk via their mechanical coupling (see figure 1). The cantilevers are 
fabricated using Metal 4 layer of the AMS 0.35 Pm technology and the read-out electrodes are fabricated using 
Metal 3 layer, 1 Pm below Metal 4 layer (gap distance). The releasing of the system is done through a simple step 
using buffered hydrofluorhidric acid (BHF) followed by sample cleaning using deionized water and finally 
immersing it in isopropanol to ensure system drying. The detection of resonance amplitudes of this multi-cantilever
system is performed capacitively, directly or through an integrated amplifier circuit [8].
2.2. System characterization
We have designed and fabricated using the same technology as in the case of multi-cantilever system, a system 
with only one cantilever in order to compare it with the multi-cantilever system. The use of multi-cantilever system 
improves the detectability as we can see at figure 2.a, in which measurements at vacuum conditions without 
amplifier read-out circuit are shown, using Network Analyzer Agilent 5100A.
To evaluate the mass sensing capabilities, we have performed measurements under vacuum conditions in 
different ways. First of all, using the same network analyzer as before, we have measured the multi-cantilever 
system with read-out integrated amplifier. In this case as we can see in figure 2.b we are able to detect a multi-peak 
curve. Each peak corresponds to an individual cantilever response, detected capacitively using the central read-out 
electrode only (the measurement of four peaks instead of five is due to the fact that one of them are screened by one 
of the others). The fabrication process plus the releasing process produce small differences in dimensions between 
the cantilevers and thus appearing different resonant peaks in the detection curve. The peak corresponding to the 
central cantilever is the greatest one. Note that the use of the read-out amplifier enables to detect the resonant peaks 
corresponding to cantilevers which are not the central one.
The next step was to measure the multi-cantilever system in a close-loop form. First of all we did measure the 
starting point of the system auto-oscillation, i.e. the minimum DC bias voltage which allows us to detect the 
oscillation of the system.
Fig. 1. (a) Optical image of the complete system, multi-cantilever and read-out amplifier circuit; (b) SEM image of the multi-cantilever system 
and read-out scheme for the self-oscillating system. (c) Schematic layout of the read-out drivers 1 Pm under the cantilevers (layer Metal 3).
Cantilevers are not depicted. There is one driver for each cantilever and one common driver.
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Fig. 2. (a) Comparison between measurements of one single cantilever and multi-cantilever system in vacuum conditions and without amplifier 
circuit. (b) Measurement of multi-cantilever system in vacuum using amplifier circuit.
In order to perform the signal amplification, we need to power the amplifier system with a certain DC voltage. 
Our amplifier system runs quite well for a certain DC range, from 2.5 V to 3.3 V. Depending on the DC voltage we 
will obtain different amplification gains which could deliver a linear or non-linear output signal and exist the 
possibility of cantilever snapping in the read-out electrode (in close-loop operation). In order to obtain a good linear 
mass sensor we need both that the multi-cantilever system and the amplifier system will work in a linear regime. 
Using an Agilent DSO-X 3054A Oscilloscope we have searched, for different DC power voltages, the minimum 
MEMS DC bias voltage to obtain auto-oscillation and, from the whole measurements, we have chosen the more 
close-to-linear one. In figure 3 we can see the auto-oscillation response corresponding to an amplifier power voltage 
of 3.0 V and two different MEMS DC bias voltages. The case of 45 V bias voltage, the signal presents a small 
asymmetry in the waveform.
The mass sensor resolution of our system can be computed from the mass responsivity (dfres/dMeff) and the 
frequency resolution of our system (Gf). We have performed Finite Elements simulations from where we have 
extracted the effective mass and the resonant mode, and the frequency resolution of the system has been computed 
through the evolution of the Allan deviation [9]. We have used Hewlett-Packard 53131A Universal Counter in order 
to calculate this Allan Deviation of the system in a close-loop operation, taking measures of the resonance frequency 
every 0.1 seconds along one hour. In figure 4 we show the Allan deviation corresponding to 40 V bias voltage. The 
optimum measurement time is around 0.2 s which corresponds to an Allan deviation of 8.69·10-7 and together with 
the resonance frequency of the central cantilever, we can calculate the frequency resolution of our system (Gf = f0·V),
Gf = 0.65 Hz. This Allan deviation measurement was done using a multi-cantilever system with the central cantilever 
resonance frequency at 752,4 kHz, as listed in table I.
Fig. 3. Auto-oscillation of the multi-cantilever system in vacuum in which amplifier system is powered with 3.0 V DC voltage.
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Fig. 4. Allan deviation calculated from measurements in vacuum of the resonance frequency every 0.1 seconds during one hour.
Table 1. Summary of the main mass sensor parameters.
f0 (kHz) meff (pg) Frequency 
resolution 
(Hz)
Responsivity 
(f0 / 2meff)
(Hz/fg)
Mass 
resolution 
(ag)
752,4 23,2 0,65 16,2 40
3. Conclusions
We have proven how the use of multi-cantilever system enhances the resonance detection with respect a single 
cantilever and thus the main mass sensor parameters of the system. Also, the system performance is good enough to 
run as an oscillator and opens the possibility to perform differential mass detection.
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